The authors examined the relation of constitutional factors and sun exposure to risk of basal cell carcinoma of the skin (BCC) in a prospective cohort of 44,591 predominantly Caucasian US male health professionals, 40-75 years of age and free of cancer at enrollment in 1986. During 8 years of follow-up, 3,273 cases of selfreported BCC were documented. The following variables were each associated with an elevated risk of BCC: having red hair; green, hazel, or blue eyes; a tendency to sunburn; and north European ancestry. The lifetime number of blistering sunburns was also positively associated with BCC risk (p trend < 0.0001). Compared with men who as teenagers had been outside less than once a week, men who had been outside weekly (relative risk (RR) = 1.30; 95% confidence interval (Cl): 1.14, 1.47) and daily (RR = 1.42; 95% Cl: 1.24, 1.63) had an elevated risk of BCC. Living in a region of residence with high solar radiation as an adult was also associated with an increased risk of BCC (RR = 1.48; 95% Cl: 1.36,1.60), whereas living in such a region only in childhood did not increase BCC risk. These results confirm the role of constitutional factors and suggest that adult sun exposure increases BCC risk. Am J Epidemiol 1999; 150:459-68. men; neoplasms, basal cell; skin neoplasms; sunburn; sunlight
In the White population, basal cell carcinoma of the skin (BCC) is the most common form of malignancy; it has been estimated that each year about 850,000 new cases occur in the United States (1) . Most studies suggest that the age-adjusted incidence has increased substantially during the past two decades (2-4), which may reflect an increase in recreational sun exposure. A further absolute increase is expected because of the aging of the population and greater exposure to solar ultraviolet radiation due to depletion of the ozone layer (5) . Although the mortality due to BCC is low, the malignancy is associated with substantial morbidity and health care costs (6) .
The primary established risk factor for BCC is ultraviolet sunlight exposure. Light hair and eye color, north European ancestry, and a skin that burns easily and tans poorly are all associated with a higher risk of BCC (4, (7) (8) (9) . However, few studies were large enough to elucidate the relative importance of these factors and to estimate the magnitude of the relative risks with reasonable precision. The association between sunburns and BCC is less established (4, (8) (9) (10) (11) , and the importance of moles as an indicator of BCC risk has only been investigated in one study (7) . Moreover, the effects of the pattern of sun exposure and exposure in different periods in life are still highly controversial. It has long been believed that the risk of BCC was proportional to the cumulative dose of ultraviolet radiation received (10) , and three case-control studies have shown an association between total lifetime sun exposure and BCC risk (10, 12, 13) . However, this finding has not been confirmed (8, 14, 15) , and some recent studies have suggested that sun exposure during childhood (7, 9, 11) and recreational exposure (10, 16) , which is likely to be characterized by infrequent, intense increments (10) , are particularly important for the development of BCC. In contrast to studies of squamous cell carcinoma (17) , studies of BCC have not shown a positive association with ciga-rette smoking (8, 18, 19) . Most of the evidence on risk factors for BCC has been derived from case-control studies (4) , in which recall bias is a potential problem. Of the three prospective studies that have been conducted, only one study did not have substantial loss to follow-up (4) , and that study included only women (8) .
We examined the effect of constitutional factors, sun exposure, and smoking on the risk of BCC in a large prospective study of predominantly Caucasian US men.
MATERIALS AND METHODS

Study population
The Health Professionals Follow-up Study started in 1986 when 51,529 male health professionals completed a questionnaire on medical history and known and suspected risk factors for cancer and other major illnesses (20) . The study population included 29,683 dentists, 10,098 veterinarians, 4,185 pharmacists, 3,745 optometrists, 2,218 osteopathic physicians, and 1,600 podiatrists, who were 40-75 years of age (mean, 54.7 years) in 1986. Only 1.7 percent of cohort members were of Asian origin, and 1.0 percent were of AfricanAmerican origin. Exposure or reporting of exposure may be affected by a diagnosis of cancer. Therefore, we excluded men who reported any cancer (including squamous cell carcinoma or a previous basal cell carcinoma) at baseline and at the beginning of each 2-year time period. After exclusion, 44,591 men remained for the analyses at baseline.
Assessment of exposure
On the 1986 questionnaire, men were asked about their major ancestry (southern European/Mediterranean, Scandinavian, other Caucasian, African American, Asian/Oriental, other origin). On a special 1987 questionnaire, men were asked to count the number of moles on their forearms ("Please record the total number of moles on both of your forearms between your elbow and your wrist, of 3 mm. diameter or larger"). On the 1988 questionnaire, subjects were asked to describe their natural hair color ("Which of the following categories most closely describes the natural color of your hair at age 18?" (red, dark brown, blond, black, light brown)) and their eye color ("Which of the following categories most closely describes the color of your eyes?" (brown/dark, hazel/green/medium, blue/light)). The 1992 questionnaire included questions about lifetime number of blistering sunburns ("How many times in your life have you had a sunburn that blistered?" (never, 1-2 times, 3-5 times, 6-9 times, 10 or more times)), sun exposure as a teenager ("During the summer as a teenager, on average, how many times per week were you outdoors in a swimsuit?" (< I/week, I/week, 2/week, several/week, daily)), and skin reaction to sun as an adolescent ("As an adolescent, at the beginning of the summer, if you were out in the sun for the first time and were to stay out for 1 hour without sunscreen, would you: painfully burn then peel, burn then tan, or tan without burning?"). Height was assessed at baseline, and weight and cigarette smoking habits were assessed on each questionnaire. Body mass index (kg/m 2 ) was calculated for each period. The state of residence was derived from the 1987 mailing list On the 1992 questionnaire, the participants also reported thenstate of residence at birth and at 15 and 25 years of age. We grouped states into three regions according to the level of sun exposure, based on the annual mean daily solar radiation (which includes ultraviolet and visible light) in each state, which was obtained from US Weather Bureau data (21) .
Identification of basal cell carcinoma
On the questionnaires mailed to all study participants in 1988, 1990, 1992 , and 1994, men were asked whether basal cell carcinoma had been diagnosed during the previous 2 years. After repeated mailings, the follow-up rate averaged 94 percent. Deaths were reported by family members, coworkers, and postal authorities, or they were identified through systematic searches of the National Death Index. To assess the validity (positive predictive value) of self-report of BCC in this study population, we requested permission to obtain medical records from a sample of 109 participants who had reported a diagnosis of BCC. For 19 men, no records were obtained: 13 did not return the request form, one could not be contacted, and five men did not give permission to review the record. Of the remaining 90 men, nine denied the diagnosis, five selfreports were not confirmed by medical records, and 76 self-reports were confirmed by medical records (70 percent of the total sample, 84 percent of confirmable self-reports).
Statistical analysis
Age-adjusted analysis was based on incidence rates of BCC, in person-months of follow-up. Men contributed follow-up time from the date of return of the 1986 questionnaire until BCC was diagnosed, the occurrence of death from any cause, or December 31, 1993, whichever came first. Relative risks were calculated by dividing the incidence rate of BCC among men in a given category of exposure by the rate in a specified reference category. Age-adjusted relative risks were obtained by stratified analysis using the
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Mantel-Haenszel estimator (22) . Linear trends were tested with Breslow and Day's statistic (23) .
To adjust for other variables, a pooled logistic regression approach using 2-year follow-up intervals, analogous to survival analysis, was used to calculate odds ratios to estimate relative risks (24) . In the multivariate analysis, exposure variables were modeled as continuous variables to test for linear trends. Tests for statistical interaction were conducted by including cross-product terms of the variables of interest in a multivariate logistic regression model. For men who did not report data for a given covariate, indicator variables for missing values were included in the multivariate models. The non-Caucasian categories of the variable "major ancestry" were combined, because the number of men of Asian or African-American origin in this cohort was small. Information about cigarette smoking and body mass index was updated in each time period of the analysis. All reported p values are for two-sided tests.
To assess whether residual confounding due to missing values for covariates had affected the results, we performed a separate analysis excluding all men with missing data. In another analysis, to evaluate the possibility of detection bias, we excluded all men at the beginning of each 2-year period who had not had a routine physical examination in that period or in any of the following 2-year periods.
RESULTS
During 317,672 person-years of follow-up, 3,273 cases of BCC were diagnosed. The overall crude incidence rate was 1,030 cases per 100,000 person-years. Age was strongly related to die incidence rate of BCC, rising from 550 cases per 100,000 person-years among men aged 40-44 years to 2,340 cases per 100,000 person-years among those older then 70 years.
The age-adjusted and multivariate relative risks of BCC according to constitutional variables are shown in table 1. As compared with men with black hair, those with lighter shades of hair were associated with an increased risk of BCC. A multivariate-adjusted relative risk was calculated to determine whether the observed associations were independent from other risk factors for BCC, including other constitutional variables. Associations with hair color were substantially attenuated by multivariate adjustment, which was almost solely due to allowance for other constitutional factors. Only the relative risk for red hair color remained significant (relative risk (RR) = 1.46; 95 percent confidence interval (CI): 1.15, 1.86). Relative to men with brown eyes, men with blue, hazel, or green eyes were at elevated risk for BCC. After allowance for other risk factors, however, only the association with hazel or green eyes remained significant (RR = 1.19; 95 percent CI: 1.07, 1.32).
The skin's reaction to 1 hour of sun exposure during adolescence, at the beginning of the summer, was strongly associated with BCC. The age-adjusted relative risks for the skin reactions "burn then tan" and "painfully burn then peel" compared with "tan without burning" were 1.62 (95 percent CI: 1.47, 1.79) and 2.29 (95 percent CI: 2.06, 2.54), respectively. Estimates were similar after multivariate adjustment. Because sunburns reflect the skin's reaction to sun (in combination with exposure to sun), "lifetime number of sunburns" was not included in the multivariate model.
As compared with men of north European origin, men of south European origin had an age-adjusted relative risk of 0.79 (95 percent CI: 0.72, 0.86). Participants with a non-Caucasian ancestry had a relative risk of 0.42 (95 percent CI: 0.33,0.54). These estimates were not materially altered by multivariate adjustment.
To evaluate the usefulness of combinations of reported skin reaction to sun, hair color, and eye color to identify persons at high risk for BCC, relative risks were calculated for men with several of these factors. In general, all three variables added somewhat to the distinction between subjects at higher and lower risk (table 2). The relative risk for men with hazel, green, or blue eyes, red or blond hair, and a tendency to painfully sunburn and peel in adolescence was 3.08 (95 percent CI: 2.51, 3.79), relative to men with dark hair, brown eyes, and no tendency to burn. We observed a significant interaction between age and sun sensitivity (p values for interaction < 0.05). In the older age group (age ^ 60 years), the relative risk was 2.06 (95 percent CI: 1.52, 2.80) for highly sun-sensitive men (highest risk category in table 2) relative to men with a low sun sensitivity (reference category in table 2). The relative risk was 1.59 (95 percent CI: 1.29, 1.96) for men with moderate sun sensitivity (intermediate categories in table 2). Among younger men (age < 60 years), sun sensitivity as measured by hair and eye color and skin reaction to sun was a stronger predictor of BCC occurrence; compared with men with a low sun sensitivity, highly sun-sensitive men had a relative risk of 4.20 (95 percent CI: 3.5, 5.59), and men with a moderate sun sensitivity had a relative risk of 2.26 (95 percent CI: 1.80, 2.84).
The risk of BCC according to variables that reflect a combination of constitutional factors and sun exposure is shown in table 3. The lifetime number of blistering sunburns was related to BCC risk in a dose-response manner. Men with a history of more than 10 sunburns had an age-adjusted relative risk of 2.06 (95 percent t Model included age, time period, hair color, eye color, skin reaction to sun, ancestry, number of moles on forearms, region of residence, lifetime number of sunburns, exposure to sun as a teenager, and body mass index. A separate model for the multlvariate adjustment of skin reaction to sun was used, which did not Include lifetime number of sunburns.
X Numbers in parentheses, 95% confidence interval. CI: 1.81, 2.36) compared with men who had never had a sunburn. Additional adjustment for constitutional variables attenuated this association. However, sunburns already reflect sensitivity to sun, and the ageadjusted relative risk probably gives a better indication of the public health impact of sunburns. Other variables reflecting sun exposure were not included in the multivariate models for number of sunburns and moles to avoid "over-control."
The age-adjusted relative risk of having one or two moles on the forearms was 1.28 (95 percent CI: 1.15, 1.42) compared with men who had no moles on their forearms. Having more than two moles on the forearms was not associated with a further increase of risk.
Am J Epidemiol Vol. 150, No. 5, 1999 Similar relative risks were observed after allowance for other variables, indicating that having moles on the forearms was an independent predictor of BCC. To evaluate further the extent to which assessing the number of moles improves the prediction of BCC occurrence, information about moles was added to the highest category of BCC risk as shown in table 2. Men with hazel, green, or blue eyes, red or blond hair, a tendency to painfully sunburn and peel in adolescence, and one or more moles on their forearms had a relative risk of 4.01 (95 percent CI: 2.85, 5.64) relative to men with brown eyes, dark hair, no tendency to sunburn in adolescence, and no moles on their forearms. The incidence rate in this low-risk reference category was 559 cases per 100,000 person-years. In table 4, the association between sun exposure variables and BCC is shown. Compared with men who as teenagers had been outside less than once a week, men who had been outside weekly (RR = 1.30; 95 percent CI: 1.14, 1.47) and daily (RR = 1.42; 95 percent CI: 1.24, 1.63) had an elevated multivariate-adjusted risk of BCC. The multivariate model for frequency of having been outdoors in a swimsuit as a teenager and potential sun exposure according to region did not include lifetime number of sunbums and number of moles, because these variables also reflect sun exposure. However, the region of residence and frequency of having been outside in a swimsuit as a teenager were corrected for each other to separate the different natures of exposure.
Men who were living in a region of relatively high solar radiation had a multivariate-adjusted relative risk of 1.48 (95 percent CI: 1.36, 1.60) compared with men living in a region of low solar radiation. Living in a region with moderate solar radiation was not associated with an increased risk of BCC. To assess the relative risks of potential sun exposure according to the region of residence in different periods of life, we created the variable "region over lifetime." Men who had lived only in a "high sun region" in childhood (at birth and at age 15, not currently) did not have a higher risk of BCC compared with men who had "always" (at birth, at age 15, at age 25, and currently) lived in a "low sun region" (RR = 1.04; 95 percent CI: 0.77, 1.39). Modeling the same variable, with the region of residence in adolescence instead of childhood, yielded similar results; men who had lived in a region of high solar radiation at age 15 and age 25 (but not currently) had a relative risk of 1.16 (95 percent CI: 0.83, 1.63) compared with men who had "always" lived in a region with low solar radiation.
No clear association existed between cigarette smoking and BCC ( • Data were missing for 568 cases and 68,860 person-years of follow-up for exposure to sun as a teenager, five cases and 589 person-years of follow-up for region of residence, and 735 cases and 84,327 person-years of follow-up for region over lifetime.
f Models included age, time period, hair color, eye color, skin reaction to sun exposure, ancestry, and body mass index. The multivariate model of exposure to the sun as a teenager also included region of residence, and the models for region of residence and region over lifetime also included exposure to the sun as a teenager. Tl Region at birth, at age 15 years, and at age 25 years and current region of residence were assessed. The "high sun in childhood" category Included men who were bom in a high sun region and lived there at age 15 years, but whose current region of residence did not have high solar radiation.
reaction to sun in adolescence, frequency of being outside in a swimsuit in the summer) could only be studied prospectively for part of the follow-up period. To evaluate the possibility of recall bias in the assessment of the variables of the 1992 questionnaire, separate relative risks were calculated for the period before (1986-1992) and after (1992) (1993) (1994) ) the return of the 1992 questionnaire (table 6) . Although the associations were qualitatively the same for the two periods, the relative risks for higher categories of "lifetime number of blistering sunburns" and "skin reaction to sun in adolescence" were higher for the period before 1992. The relative risk for teenage sun exposure was essentially the same in the two periods.
Because the variables assessed on the 1992 questionnaire were also included in models for multivariate adjustment, estimates for other variables might also be affected. Only the relative risks of hair and eye color were substantially changed by adjustment for 1992 variables. Therefore, separate multivariate relative risks were calculated for the period after 1992. For red hair, hazel or green eyes, and blue eyes, the resulting estimates were somewhat higher than the relative risks for the whole study period. The relative risks for dark brown, light brown, blond, and red hair were 1.05 (95 percent CI: 0.79, 1.39), 1.01 (95 percent CI: 0.75, 1.36), 1.12 (95 percent CI: 0.79, 1.59), and 1.72 (95 percent CI: 1.08, 2.72), respectively, as compared with The results after exclusion of participants with missing data were essentially unchanged, with the exception of the associations observed between ancestry and BCC, which were substantially weakened. Compared with men of north European origin, men of south European origin had a relative risk of 0.96 (95 percent CI: 0.84, 1.11), and men of non-Caucasian origin had a relative risk of 0.74 (95 percent CI: 0.50, 1.10). Exclusion at the beginning of each 2-year period of men who had not had a routine physical examination in that period or any of the following 2-year periods did not materially alter any of the results.
DISCUSSION
In this prospective study of 44,591 men and 3,273 newly diagnosed cases of BCC, we confirm the role of red hair, lightly pigmented eyes, north European ancestry, and a tendency to sunburn easily in predisposing to BCC. In addition, moles on the forearms and lifetime number of blistering sunburns were independent risk factors for BCC. Men with a low recreational sun exposure as a teenager, measured by the frequency of being outside in a swimsuit in the summer, had a reduced risk of BCC. High potential sun exposure according to region of residence was associated with an elevated risk. However, men who had only lived in a region of high solar radiation in childhood did not have a substantially increased risk of BCC.
As the exposure variables and occurrence of disease were assessed by self-reports, the possible effect of misclassification has to be considered. The comparison of the self-reports of BCC with medical records indicated that self-report of BCC is a valid measure in this medically knowledgeable population. Similar questions about constitutional factors have been shown to correlate significantly with the minimal erythema dose of ultraviolet B radiation required to produce a visibly reddened skin, the most widely accepted objective measure of sun sensitivity (25) . In addition, a high reproducibility of these questions was observed in a study of 386 women (26) . Nondifferential misclassification of exposure and BCC is likely to have resulted in somewhat attenuated relative risks, but in a study of this size it seems unlikely that substantial associations would have been missed. The high rate of follow-up in this study reduced the potential bias due to loss to follow-up.
The variables "lifetime number of sunburns" and "skin tendency to sunburn," which were only studied prospectively for part of the study period, appear to be prone to some recall bias. The higher relative risk estimates for the period in which recall bias could have occurred seem to indicate that cases tended to overestimate their number of sunburns and their tendency to sunburn. This agrees with results from Weinstock et al. (26) , who observed recall bias among melanoma patients in the assessment of tanning ability. Hence, results from case-control studies concerning these variables should be interpreted with caution. Hair and eye color were assessed in 1988, and the number of moles on the forearms was assessed in 1987. However, for these variables, results yielded by analyses restricted to the period of prospective assessment were not appreciably different from the presented results (data not shown).
Southern European ancestry was clearly protective against BCC, as has been observed previously (7) . Although the initial analysis suggested that this association was independent from other constitutional factors, the analysis with exclusion of men with missing data did not show an independent association. Associations with hair color, eye color, and skin sensitivity to the sun were similar to those observed in other studies (4, (7) (8) (9) 11) ; each of the factors contributed to the prediction of BCC. This agrees with the observation that a combination of hair color and self-reported skin reaction to sun is a better predictor of the minimal erythema dose of ultraviolet B radiation than selfreported skin reaction alone (25) . We are unaware of prior data on the interaction between sun sensitivity and age with respect to BCC risk. Our results indicate that sun sensitivity, according to hair and eye color and skin reaction to sun, is a substantially stronger predictor of BCC risk in men younger than 60 years of age than in older men. Still, incidence rates among Caucasian men with a low risk of BCC according to constitutional factors (i.e., dark hair, brown eyes, no tendency to sunburn) were high, and preventive intervention seems justified for the whole population.
The association between moles and BCC has been studied previously only once: Kricker et al. (7) observed an increased risk of BCC in subjects with more than four moles on the back, hi the present data, the association between moles on the forearms and BCC was independent of other risk factors. Although we cannot exclude the possibility that solar lentigines were misclassified as moles, serf-reported information about moles is potentially useful for the identification of men at high risk of BCC.
Although recall bias seemed to lead to an overestimation of BCC risk according to number of sunburns, the prospective estimates we obtained were qualitatively the same as those for the whole period and remained statistically significant. This confirms the results from the prospective Nurses' Health Study, in which the lifetime number of severe and painful sunburns on the arms or face was positively associated with BCC in a dose-response manner; the age-adjusted relative risk for six or more burns was 2.91 (95 percent CI: 2.37, 3.58) compared with women without sunburns (8) . In several case-control studies, sunburns were also associated with an increased risk of BCC (9-11), but this association was less clear and was possibly affected by recall bias.
A remarkable finding of our study was that recreational sun exposure in childhood and potential sun exposure according to region of residence in adulthood were associated with BCC, whereas living in a high solar radiation region in childhood did not substantially increase risk. One may argue that the association of BCC with region of residence in adulthood is due to a greater emphasis on detection and accurate diagnosis of BCC in the part of the United States with a higher solar radiation compared with regions with a lower solar radiation (4). This is plausible because BCC is typically a slow-growing asymptomatic tumor. However, there are no data supporting the existence of actual regional differences in the detection of BCC within the United States. Furthermore, results were not appreciably different after excluding men without rouAm J Epidemiol Vol. 150, No. 5, 1999 tine physical examinations, suggesting that detection bias is not a likely explanation of the observed association. Associations between potential sun exposure according to region and BCC risk were similar in studies including other populations and other definitions of areas within the United States (8, 27) , reducing the likelihood that the observed association was due to a confounding factor specifically for our study population or categorization of states.
An alternative explanation is that the pattern of sun exposure during childhood is particularly important. It has been hypothesized that intermittent sun exposure characterized by infrequent, intense increments increases BCC risk more than a similar dose delivered more continuously (10) . In earlier studies, recreational sun exposure (11, 16) , sunburns (9, 11) , and the proportion of weekly sun exposure obtained in the weekend (10) during childhood were associated with increased risk of BCC. These variables probably reflect intermittent sun exposure, whereas potential sun exposure according to US region is likely to reflect a higher cumulative exposure. During childhood only intermittent sun exposure may be relevant to BCC, whereas in adulthood a higher cumulative exposure might also independently increase risk, as these periods of life may reflect different stages of carcinogenesis. However, this does not seem to be consistent with a case-control study in which persons who migrated from a country with low ambient solar radiation to Australia after 10 years of age were at reduced risk of BCC compared with persons who were born in Australia (7). Research with a more detailed assessment of sun exposure is required to further elucidate how exposure in different periods in life and the nature of sun exposure are related to BCC.
We observed an inverse association between current body mass index and BCC. This agrees with results from an Australian case-control study with 51 cases (28) . The difference in sun exposure and clothing habits between persons with a lower and a higher body mass index may be an explanation for this finding. The lack of association between body mass index at age 21 and BCC could be another indication for the importance of adult sun exposure. Cigarette smoking did not increase the risk of BCC, which is consistent with the findings of earlier studies (8, 18, 19) .
Men with red hair, hazel, green, or blue eyes, moles, and a tendency to sunburn should be aware of their increased risk of BCC. However, our results suggest that all Caucasian US men should be advised to limit their sun exposure and avoid sunburns. Although our findings seem to stress the relative importance of sun exposure during adulthood, reducing recreational sun exposure as a teenager may also be relevant for risk of BCC.
